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Influence of transepithelial potential difference on
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Influence of transepithelial potential difference on acidification in
the toad urinary bladder. The rate of urinary acidification by toad
urinary bladders was measured in Vitro by following the pH
changes of the HCO,/C02-buffered Ringer's solutions bathing
the mucosal and serosal sides of the bladder. Within the tolerated
range of transepithelial potential differences (PD) (—100 to + 100
my), the rate of acidification was found to be a linear function of
the PD. The rate of acidification could be increased by a favorable
PD whether the PD was the spontaneous transepithelial PD due to
sodium transport or a PD imposed in the absence of sodium
transport, as when choline was substituted for Na or when amilo-
ride blocked sodium transport. Acetazolamide inhibited both ac-
tive and PD-driven acidification. Acidification rate was the same in
2.4 mvt HCO, and 1% CO2 as in 12 m,i HCO3- and 5% C02;
again, acidification was increased equally by a favorable PD. PD-
driven acidification was found to be linearly correlated with acid-
ification occurring at short-circuit conditions. These findings sug-
gest that the rate of acidification can be accelerated by the trans-
epithelial PD in the absence of sodium transport and that the PD-
driven component of acidification utilizes a transcellular pathway.
Effet de Ia difference de potentiel trans-épithéliale sur
I'acidification dans Ia vessie urinaire du crapaud. Le debit
d'acidification urinaire par des vessies de crapauds a été mesuré in
Vitro en observant les modifications de pH d'une solution de
Ringer HCO3-/C02 placée sur les faces muqueuse et séreuse de Ia
vessie. Dans l'intervalle des valeurs de Ia difference de potentiel
(PD) (—100 a + 100 my) Ic debit d'acidification est une fonction
linéaire de Ia PD. Le debit d'acidification peut Ctre augmenté par
une PD favorable, que cette PD soit celle spontanCe, trans-épithé-
hale, liée au transport de sodium ou qu'il s'agisse d'une PD impo-
see en l'absence de transport de sodium, comme c'est Ic cas quand
de ha choline est substituCe au sodium ou quand Ic transport du
sodium est bloqué par l'amiloride. L'acétazolamide inhibe a Ia fois
I'acidification active et celle induite par Ia PD. Le debit
d'acidification est Ic mCme dans HCO,- 2, 4 mM t 1% CO2 que
dans HCO,- 12 mt et 5% CO2. L'acidification est Cgalement
augmentée par une PD favorable. L'acidification induite par Ia PD
est hinéairement corrélée avec celle observée dans des conditions de
court-circuit. Ces constatations suggCrent que le debit
d'acidification peut être augmentC par Ia PD trans-épithéliale en
l'absence de transport de sodium et que ha composante de
l'acidification induite par Ia PD utilise une voie trans-cetlulaire.
Cellular mechanisms for urinary acidification re-
main in dispute; although most evidence derived
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from mammalian kidney experiments favors hydro-
gen ion secretion [1], experiments upon turtle bladder
have given evidence for both bicarbonate reabsorp-
tion [2—4] and hydrogen secretion [5—8]. The detailed
quantitative relationship between cation reabsorp-
tion and urinary acidification has been a subject of
recent research [9, 10], but the mechanism of such
sodium-acidification coupling and its quantitative
regulation remain to be clarified. The relationship of
sodium reabsorption to acidification might be a di-
rect "chemical" mechanism such as exchange of Na
for H or a co-transport of Na with HC03 or,
alternatively, an indirect "electrical" effect of the
transepithelial potential difference (which is gener-
ated by the sodium pump) regulating urinary acid-
ification.
Previous studies on the toad bladder have shown
that urinary acidification occurs as an active, elec-
trogenic process in the absence of mucosal sodium
(choline substitution for sodium) or when sodium
transport is blocked by mucosal amiloride (N-ami-
dino-3,5-diamino-6-chloropyrazine carboxamide) or
serosal ouabain [11].
In the present study we examine the effect of trans-
epithelial potential difference (PD) upon urinary
acidification.
Methods
Toads (Bufo marinus) of Colombian origin were
obtained from Tarpon Zoo, Tarpon Springs, Florida
or from the Pet Farm, Miami, Florida. For most
experiments the toads were rendered acidotic by three
or more days of soaking one-third to one-half sub-
merged in 125 mi ammonium chloride solution
made from glass-distilled water [12]. Toads were
killed by rapid double pithing and the bladders were
promptly excised and kept in 2.4 m bicarbonate
amphibian Ringer's solution until mounting (a max-
imum of 30 mm). Bladders from each toad were
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mounted on plastic (Lucite) chambers providing four
quarter bladders of 2.73 cm2 each. The mucosal and
serosal chambers for each quarter bladder contained
4 ml of solution. The quarter bladders were short-
circuited continuously, or allowed to stand open-
circuited or clamped at an arbitrarily chosen trans-
epithelial potential difference, usually + 100 my
serosa-positive. In those which were short-circuited
or voltage-clamped, the spontaneous transepithelial
PD was measured every hour by a 15-sec period of
open-circuited conditions. The standard amphibian
Ringer's solution contained NaC1, 111 mM; KC1, 3.35
mM; NaHCO3, 2.4 mM; CaCI2, 2.7 m. Other solu-
tions utilized are specified and, in general, consist of
similar amphibian Ringer's solutions of varying bi-
carbonate concentrations with bicarbonate replacing
chloride to maintain osmolality constant, or ion-sub-
stitution Ringer's solutions where choline replaces
sodium. Mixtures of gases utilized to stir and bubble
the Ringer's solutions throughout each experiment
were 1% CO2 99% 02 or 5% CO2 95% 02. All gases
were passed through one hydration bubbler before
entering the chambers. Serosal and mucosal bathing
solutions were always bubbled with identical gases to
prevent transepithelial gas gradients. Amiloride hy-
drochloride was prepared as a 15 mg/l00 ml solution
in the amphibian Ringer's solutions used in the ex-
periment and was added to the mucosal medium in a
final concentration of 1.25 >( 104M. Acetazolamide
was dissolved in distilled water with NaOH to brfng
the pH to 12. Then, after solution was completed, the
pH was recorrected to between 8 and 9 with HCI.
Precipitation was not noted to occur. Acetazolamide
was added to serosal solutions in a final concentra-
tion of l0-3M. This produced negligible changes in
medium pH.
Acidification was measured by determination of
the pH of the mucosal and serosal solutions initially
and at hourly intervals for four to five hours using a
glass electrode. For each experiment the initial bi-
carbonate concentration is known, the pressure of
carbon dioxide is known and remains constant
throughout the experiment, and the initial pH is
measured. From these indexes and the final pH value,
it is possible to calculate the final bicarbonate con-
centration. The rate of mucosal acidification or Se-
rosal alkalinization is expressed as the change in bi-
carbonate concentration of the respective medium.
Since the volume of the chambers is known, the ac-
tual amount of bicarbonate titrated can be expressed
in microequivalents. At the termination of each ex-
periment, the bladder was carefully cut from the
frame removing only that portion of bladder actually
exposed to fluid. This bladder segment was blotted
and weighed. Final values for rate of acidification or
alkalinization are expressed as microequivalents of
bicarbonate per hour per 100 mg of wet weight of
bladder (tEq/hr/l00 mg).
Experimental results are expressed as mean
Significance of differences was calculated by the
paired Student's t test with a P value less than 0.05
considered to be significant.
Results
Acidification as a function of sodium concentration.
Initial experiments were conducted on paired quarter
bladders exposed to a wide range of sodium concen-
trations on the mucosal (urinary) side while the Se-
rosal side was bathed with an isotonic sodium
Ringer's solution in all cases. The mucosal sodium
concentrations were 0, 5, 11 and 107 mEq/liter. To
simulate the usual biological conditions, the lower
sodium mucosal fluids were hypotonic. Figure 1
shows the open-circuit PD obtaining across the quar-
ter bladders under these four conditions, the corre-
sponding rate of mucosal acidification and the rate of
serosal alkalinization.
Acidification as a function of transepithelial poten-
tial difference. To clarify the relationship between PD
and acidification, quarter bladders were clamped at a
wide range of transepithelial PD's. The results shown
in Fig. 2 demonstrate a marked dependence of acid-
ification on transepithelial PD within the range of
tolerated PD (approximately —100 to +100 my).
There is a decline of the electrical resistance of blad-
ders clamped at extreme transepithelial PD's (below
—100 my or above +100 my) suggesting a break-
down of tissue integrity under these conditions.
Within the —100 to +100 my range, the rate of
acidification is linearly related to the transepithelial
PD.
A bsence of amiloride effect on urinary acidification.
The rate of urinary acidification was studied on four
paired quarter bladders under four different condi-
tions as shown in Fig. 3: (1) short-circuited; (2) open-
circuited; (3) amiloride, 1.25 X 104M on the mucosal
side and external voltage clamping at a transepithelial
voltage equal in amplitude and similar in sense to the
spontaneous transepithelial voltage in (2); (4) amilo-
ride, 1.25 X 104M on the mucosal side and allowed
to stand open-circuited with a reversed PD.
The rate of urinary acidification was not different
under conditions 1 and 4. Under conditions 2 and 3,
the rate of acidification was significantly larger than
under conditions 1 and 4; the rate of acidification was
not different under conditions 2 and 3.
Substitution of choline for sodium. Further elucida-
tion of the relationship between urinary acidification
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Fig. 1. Transepithelial PD, rate of mucosal acidiflcation and rate of
serosal alkalinization at four mucosal sodium concentrations: 0, 5, 11
and 107 mEq/Iiier. The PD shows statistically significant in-
crements with each increase in sodium concentration. The mucosal
acidification rate shows statistically significant increments only
between the sodium-free and sodium-containing groups but not
among the steps of sodium concentration.
and sodium transport was sought by replacement of
all mucosal sodium by choline. As shown in Fig. 4,
complete replacement of mucosal sodium by choline
has no effect on the rate of urinary acidification under
short-circuit conditions. Further, choline replace-
ment of mucosal sodium has no effect on the in-
crement in the rate of acidification accomplished by
an imposed +100 my PD.
Replacement of both mucosal and serosal sodium
with choline suppressed urinary acidification both in
the short-circuited state and when bladders were
clamped at +100 my (Fig. 5).
Effect of acetazolamide on acidification. Acid-
ification was measured in the presence of serosal
acetazolamide (ACZ) (lO-3M) under both open-cir-
Fig. 2. Rates of mucosal acidification and serosal alkalinization at
various transepithelial PD's. Paired quarter bladders were voltage-
clamped at —150, —100, —50 and 0 my (N = 8); paired quarter
bladders were voltage-clamped at —50,0, +50 and +100 my (N =
12); and paired quarter bladders at 0, +50, +100 and +150 my(N = 8).
Fig. 3. Absence of effect of amiloride on urinary acidification. Paired
quarter bladders were subjected to four conditions: (1) control,
voltage-clamped at zero; (2) control, open-circuited with a spon-
taneous transepithelial PD, 56.6 + 4.3 my; (3) amiloride-treated,
voltage-clamped at the same PD as segment 2; (4) amiloride.
treated, allowed to stand open-circuited with spontaneous trans-
epithelial PD, —8.3 + 1.4 my.
P Mucosal acidification Serosal alkaliniza-
tion
I vs. 2 <0.001 <0.005
2 vs.3 NS NS
3 vs. 4 <0.001 <0.005
I vs.4 NS NS
cuit and short-circuit conditions. ACZ did not signifi-
cantly after the transepithelial PD (63 4 my control,
70 6 my with ACZ) but it markedly inhibited acid-
ification as shown in Fig. 6. Acidification was signifi-
cantly inhibited by ACZ under both short-circuit and
open-circuit conditions.
Effect of bicarbonate/carbon dioxide concentration
on acidification. Paired quarter bladders were used for
measurement of acidification at low (2.4 mM HCO3-,
1% C02) and higher (12 mrvi HCO3-, 5% CO) buffer
concentrations at the same pH. Acidification was not
different at low and high buffer concentrations under
short-circuit conditions. At +100 my PD, the acid-
ification also was not different at low and high buffer
concentrations (Fig. 7). At both buffer concentra-
tions, acidification was significantly greater at +100
my transepithelial PD as compared to 0 my.
Correlation of open-circuit and short-circuit acid-
flcation. In 41 experiments urinary acidification was
measured at open-circuit conditions with the spon-
taneous transepithelial PD being 59.7 2.1 my. Fig-
ure 8 shows the cQrrelation of this "open-circuit acid-
ification" with the urinary acidification accomplished
by paired quarter bladders maintained at short-cir-
cuit conditions. There is a significant correlation (r =
PD, my —150 —100 —50 0 +50 +100 +150N 8 8 20 28 20 20 8
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clamped acidification with the urinary acidification
accomplished by paired quarter bladders maintained
at short-circuit conditions. There is a significant cor-
relation (r = 0.733) with a slope (b = 1,406) signifi-
cantly different from zero at P < 0.001 and signifi-
cantly different from 45° (the line of identity) at P <
0.01.
Discussion
Fig. 4. Effect of choline displacement of mucosal sodium on urinary
acidification. Paired quarter bladders were subjected to four con-
ditions: (1) control, voltage-clamped at zero; (2) control, voltage-
clamped at +100 my; (3) choline, voltage-clamped at zero; (4)
choline, voltage-clamped at +100 my.
P Mucosal acidification Serosal alkaliniza-
tion
I vs.2 <0.005 <0.001
3vs.4 <0.001 <0.001
lvs.3 NS NS
2vs.4 NS NS
0.856) with a slope (b = 1.038) significantly different
from zero at P < 0.001.
In 83 experiments urinary acidification was meas-
ured with the transepithelial PD clamped at +100 my.
Figure 9 shows the correlation of this voltage-
Fig. 5. Effect of choline displacement of both mucosal and serosal
sodium on urinary acidification. Paired quarter bladders were sub-
jected to four conditions: (I) control, voltage-clamped at zero; (2)
control, voltage-clamped at + IOU my; (3) choline, voltage-clamped
at zero; (4) choline, voltage-clamped at +100 my.
P Mucosal acidification Serosal alkaliniza-
tion
/ vs.2 <0.001 <0.001
3 vs. 4 <0.005 <0.05
I vs. 3 <0.02 <0.005
2 vs. 4 <0.02 <0.005
In the turtle bladder system, free of exogenous
bicarbonate and carbon dioxide, the rate of urinary
acidification has been shown to be regulated by the
rate of metabolic production of carbon dioxide
[13,14]. Inhibition of sodium transport with ouabain
caused a significant decrease in metabolic carbon
dioxide production and urinary acidification rate.
This ouabain inhibition of acidification could be re-
versed by dinitrophenol, which was shown to increase
metabolic carbon dioxide production and urinary
acidification [14]. The carbonic anhydrase inhibitors
acetazolamide and ethoxzolamide were shown to
block acidification in the bicarbonate-free, carbon
dioxide-free system and readmission of exogenous
carbon dioxide to the system restored acidification
[7]. These findings clearly establish the requirement
for intracellular carbon dioxide to support urinary
acidification and show that a lack of intracellular
Fig. 6. Effect of A CZ on urinary acidification. Paired quarter blad-
ders were subjected to four conditions: (I) control, voltage-
clamped at zero; (2) control, at open-circuit, spontaneous PD,
63 + 4 my; (3) acetazolamide, voltage-clamped at zero; (4) aceta-
zolamide, at open-circuit, spontaneous PD, 70 6 my.
P Mucosal acidification Serosal alkaliniza-
tion
I vs.2 <0.02 <0.01
I vs. 3 <0.001 <0.005
2 vs.4 <0.001 <0.001
3 vs. 4 NS <0.01
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Fig. 7. Effect of bicarbonate/carbon dioxide buffer concentration on
urinary acidification. Paired quarter bladders were subjected to
four conditions: (I) control (2.4 mst HCO3-, 1% C02), voltage-
clamped at zero; (2) control (2.4 msi HCO3-, 1% C02), voltage-
clamped at +100 my; (3) (12 msi HCO3-, 5% C02), voltage-
clamped at zero; (4) (12 mrvi HC03, 5% C02), voltage-clamped
at +100 my.
P Mucosal acidification Serosal alkaliniza-
tion
I vs.2 <0.02 <0.025
Ivs.3 NS NS
2vs.4 NS NS
3 vs.4 <0.01 <0.005
carbon dioxide may be rate-limiting to urinary acid-
ification. While these observations form the basis for
understanding the cellular biophysical mechanism for
urinary acidification, they do not provide a mecha-
nism for regulation of urinary acidification rate; at
physiological levels of bicarbonate concentration and
carbon dioxide pressure, there will be adequate
amounts of intracellular carbon dioxide available to
support urinary acidification. Thus, other factors
should be sought which regulate the rate of urinary
acidification under conditions where the bicarbo-
nate/carbon dioxide concentration is not rate-limit-
ing. Aldosterone has been shown to increase acid-
ification in the toad bladder system [15] and a plasma
factor (or factors) from acidotic toads has been re-
ported to stimulate in vitro acidification [16].
Previous studies have elucidated the role of car-
bonic anhydrase in the process of urinary acid-
ification [7,17] but have clearly demonstrated that
although carbon dioxide hydration is necessary for
urinary acidification, carbonic anhydrase activity is
not the focus for quantitative regulation of urinary
acidification [12].
The present study was undertaken to clarify the
relationship of urinary acidification to sodium reab-
sorption. It is important to recognize that this study
provides no information whether urinary acid-
ification is due to hydrogen secretion, bicarbonate
reabsorption or both. The method used to measure
urinary acidification cannot distinguish between
these two mechanisms. Both serosal and mucosal
fluid pH were followed throughout the experiments.
In the figures acidification is shown for the mucosal
solution and alkalinization for the serosal solution
demonstrating symmetrical acid-base changes for all
experiments.
In the turtle bladder system, increased acidification
was noted in the open-circuit state as compared with
the short-circuit state [5]; however, the rate of acid-
ification was restricted by (1) the absence of ex-
ogenous bicarbonate and carbon dioxide and (2) a
very low buffer concentration (0.3 m phosphate)
such that the serosal medium attained an alkaline pH
in the range that might be expected to decrease or
stop urinary acidification [11]. These two interfering
factors may have limited or restricted the effect of
0.8 1.6 2.4 3.2 4.0 4.8 5.6 6.4 7.2
Short—circuit acidification, pEq/hr/100 mg
Fig. 8. Correlation of mucosal acidification at open-circuit with
acid(ficat ion at short-circuit. Mucosal acidification was measured at
open-circuit with spontaneous transepithelial, PD, 59.7 2.1
mv(N = 41), and at short-circuit (PD = 0) on paired bladder
segments. The best-fitting straight line by the method of least
squares has a correlation coefficient r = 0.856 with slope b = 1.038
which is significantly different from zero at P < 0.001.
2.4 m HCO3 + 1% Co2
+lOOmv
1 2
12mM HCO3 + 5% CO2
+lOOmv
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C0
C,
C,
U
C
a0
284 Ziegler et a!
9.6
8.8
8.0
7.2
L• 6.4
.8
.
I I I I I I I I
.8 1.6 2.4 3.2 4.0 4.8 5.6 6.4 7.2
Short—circuit acidification, j1Eq/hr/100 mg
Fig. 9. Correlation of mucosal acidification at + 100 my trans-
epithelial PD with acidification at short-circuit (PD = 0 my). The
best-fitting straight line by the method of least squares has a
correlation coefficient r = 0.733 with slope b = 1.406 which is
significantly different from zero at P < 0.001 and significantly
different from b 1.000 (line of identity) at P < 0.01.
open-circuit transepithelial PD upon urinary acid-
ification: open-circuit acidification was only 1.19
0.04 times greater than short-circuit acidification [5].
Initial experiments shown in Fig. I suggested, but
did not definitively prove, that urinary acidification
was quantitatively regulated by transmembrane PD
which, in turn, was regulated by the concentration of
sodium in the mucosal fluid. Although spontaneous
transmembrane PD's showed statistically significant
increases with each step of mucosal sodium concen-
tration, the corresponding urinary acidification in-
creased significantly only in the sodium-containing
vs. sodium-free conditions; significant differences
were not demonstrable within the steps of sodium
concentrations: 5 vs. 11 vs. 107 mEq/liter.
Better resolution of the effects of transepithelial
PD was obtained by external voltage clamping over a
wider range of voltages than those achieved
spontaneously. Voltage clamping was accomplished
with isotonic 2.4 m bicarbonate amphibian Ringer's
solution gassed with 1% carbon dioxide on both sides
of each bladder segment. The results shown in Fig. 2
demonstrate a linear increase in the rate of acid-
4.8
4.0
3.2
2.4
1.6
0
ification with transepithelial PD within the tolerated
range of voltages (—100 to +100 my).
The effect of transepithelial voltages beyond the
"tolerated range" (i.e., —150 and +150 my) clearly
destroys the linear relationship of urinary acid-
ification with transepithelial PD. Although elucida-
tion of this phenonmenon is beyond the scope of the
present study, we speculate that the breakdown in
linear association of urinary acidification with PD is
due to increased transepithelial backleak secondary
to loss of structual integrity of the tight junctions
with large electrical gradients [18]. Alternatively, this
"tolerated range" might be set by the voltage toler-
ated by a single cellular membrane before "dielectric
breakdown" occurs [19].
Two approaches are utilized to study the relation-
ship of urinary acidification to transepithelial sodium
transport: (1) blockage of sodium transport by amilo-
ride (Fig. 3) and (2) substitution of choline for so-
dium (Figs. 4 and 5). Amiloride showed no effect on
the rate of urinary acidification under active trans-
port conditions [11], nor in the presence of a +56.6
4.3 my favorable electrical gradient (Fig. 3). Amilo-
ride did not inhibit the increase in acidification seen
with a positive transepithelial PD. Complete dis-
placement of sodium from the mucosal solution by
isotonic substitution by choline also did not alter the
rate of urinary acidification (Fig. 4). Thus, we con-
clude that the rate of urinary acidification is governed
by the transepithelial PD and does not require the
availability of mucosal sodium. Further experiments
with sodium absent from the serosal as well as the
mucosal side of the tissue are shown in Fig. 5. Under
these conditions there is a diminution of both active
and voltage-driven acidification. The specific reasons
for this diminution are unknown, but probably re-
flect a requirement for serosal sodium to preserve
epithelial cell functional integrity.
Previous studies have shown that acidification
could be blocked by the carbonic anhydrase inhibitor
acetazolamide or ethoxzolamide [7,12]. These studies
did not systematically investigate whether carbonic
anhydrase inhibitors act differently upon the active
(presumably transcellular) acidification and the
transepithelial PD-driven (possibly paracellular)
acidification. If voltage-driven acidification were
merely the movement of hydrogen ion or bicarbonate
ion through paracellular channels, one might expect
that a carbonic anhydrase inhibitor would not block
this component of acidification. Figure 6 demon-
strates that acetazolamide (103M) markedly inhib-
ited both active acidification at short-circuit and PD-
driven acidification. This would suggest that the
voltage-driven component of acidification does occur
S
S
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through the cells and requires carbonic anhydrase
activity.
Although metabolic production of carbon dioxide
is rate-limiting to acidification in the turtle bladder
system free of exogenous carbon dioxide [11] and
increasing exogenous carbon dioxide from 1.4 to
2.5% did increase the rate of acidification, further
increments of carbon dioxide above 2.5% did not
further increase acidification [7]. Figure 7 shows that
toad bladder acidification did not increase with an
increase in exogenous carbon dioxide from I to 5%
when the pH was kept constant by a proportionate
increase in bicarbonate from 2.4 to 12 m. However,
at both buffer concentrations, increasing the trans-
epithelial PD from 0 to + 100 my significantly in-
creased the acidification. Thus, within the range of
carbon dioxide and bicarbonate examined, the trans-
epithelial PD, but not the availability of carbon diox-
ide, would appear to be a quantitative regulator of
urinary acidification.
There was a significant increase in acidification
under open-circuit conditions as compared with
short-circuit conditions. With the spontaneous open-
circuit transepithelial PD of +59.7 2.1 mv(N = 41)
(range, 14 to 84 my), the best-fitting correlation line
by the method of least squares has a slope of 1.038,
i.e., almost parallel to the line of identity (Fig. 8).
Thus, open-circuited bladders display approximately
0.9tEq/hr/l00 mg more acidification than short-
circuited paired bladders.
This phenomenon was analyzed more closely in 83
experiments with the transmembrane PD clamped at
+100 my. The best-fitting correlation line has a slope
of 1.406, which is significantly steeper than the line of
identity (Fig. 9). Thus, we conclude that the magni-
tude of the PD-driven acidification correlates with
the magnitude of the acidification ability at PD = 0
of paired tissue from the same animal. This finding,
along with the ability of acetazolamide to block both
active and PD-driven acidification, would be consist-
ent with the hypothesis that PD-driven acidification
utilizes a transcellular pathway rather than a para-
cellular pathway dissociated spatially from the path-
way of active acidification. Further, these findings
would suggest that the biophysical link between
urinary acidification and sodium reabsorption is not
mediated by a "chemical" exchange of H for Na or
reabsorption of HCO3- with Na but, rather, that
incremental acidification occurs in response to the
transepithelial PD generated by Na reabsorption
under physiological conditions. Within a range of PD
wider than the physiological range, the rate of acid-
ification is linearly correlated with the magnitude of
the PD.
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